Unintentional implicit subsidies (hidden costs) to public utilities can be considered an illegitimate claim on public resources. This paper examines the role and sources of hidden costs in the energy and water sectors in the Europe and Central Asia region (ECA). It reviews available data and introduces a modelthe Hidden Costs Calculator that can be used to quantify the burden on governments of infrastructure policy and implementation decisions. This simple-to-apply model provides insight into three key components of hidden costs that affect infrastructure-poor bill collection rates, excessive losses due to inefficient operations or theft from the networks, and tariffs set below cost-recovery rates. The major advantage of this model is that, using existing data, it can provide a single measure for hidden costs that can be easily calculated, tracked, and reported; therefore it can monitor and benchmark trends across sectors and countries without extensive or costly data collection. The model compares the difference between actual revenues and revenues that could be anticipated in a well-functioning system operating with cost-covering tariffs, bills paid, and losses normative for networks of a certain age and design. The underlying premise is that quantifying the order of magnitude of each component of hidden costs has potential for strengthening infrastructure policy dialogue and influencing decision makers who allocate scarce budgetary resources.
Introduction
Reliable and affordable infrastructure is essential for a well-functioning economy. Today in Europe and Central Asia (ECA) underperforming public utilities impede more rapid economic growth. This working paper raises a constellation of issues-high losses, non-payment of bills, and tariffs set below costrecovery rates-that block progress in the power, natural gas, and water sectors. The paper reviews available data on these sectors and begins to develop a model to quantify the burden on national budgets of infrastructure policy and implementation decisions. The intention is to widen opportunities for overall improvements in allocating scarce budgetary resources by offering policymakers data that will be useful to (a) understand the order of magnitude of current hidden fiscal costs, (b) estimate the costs of current and future policy choices, (c) and reduce the burden on consumers.
Implicit subsidies to public utilities can be considered an illegitimate claim on public resources. Direct subsidies to utilities are formally allocated and formally recorded 'on the books.' For a discussion of implicit subsidies and their impact on the quasi fiscal deficit, see Saavalainen and Ten Berge (2004) . In contrast, 'hidden' costs, although accumulated by utilities, go unrecorded, thereby creating a fiscal burden on the local or national government that amounts to a hidden subsidy. Typically utilities compensate for these hidden costs by reducing investment in maintaining the utility; they may also delay or forego essential maintenance and repairs or reduce the workforce, actions that trigger a downward spiral of significant deterioration in the value of assets, declining service quality, and increasing cost for each unit of service provided. When this happens, losses are increased substantially and abnormally high investment is required to carry out repairs, which is rarely cost effective.
The Cost of Policy Choices
The vicious cycle-that begins with hidden costs and proceeds to hidden subsidies-means that when governments finally absorb accumulated debts, they do so at the cost of adding to the national debt or reducing funding for other programs. This cycle has persisted in part because of difficulties in quantifying the order of magnitude of 'hidden costs. ' The Hidden Costs Calculator model -developed through collaboration between the World Bank Group and the International Monetary Fund (Saavalainen and Ten Berge, 2006)-was designed to provide a single measure for all implicit subsidies so that policymakers can weigh the price of policy actions (or inactions) that could, but do not, have a fiscal offset. One important criterion for developing the model was to calibrate carefully the tradeoffs between complexity and comprehensiveness on the one hand and ease of use on the other. The major advantage of this model is that-using existing data-it can provide a single measure for hidden costs that can be easily calculated, tracked, and reported; therefore it can monitor and benchmark trends across sectors and countries without extensive or costly data collection.
The Hidden Costs Calculator Model
The model, the Hidden Costs Calculator, is designed to provide insight into three key components of hidden costs affecting ECA infrastructure: poor bill collection rates; excessive losses due to inefficient operations or theft from the network in power, gas or water systems; and tariffs set below cost-recovery rates (i.e., amounts needed for long-run operations and maintenance, investment, and normative losses). This model compares the difference between actual revenues and revenues that could be anticipated in a well-functioning system operating with cost-covering tariffs, bills paid, and losses normative for networks of a certain age and design.
In its final form the applied model to estimate hidden costs, H is expressed as: H = R* -R where R* is the expected revenue and R is the actual revenue. H can be expressed alternatively as a function of tariffs below cost recovery, unaccounted losses and poor collections, by substituting for these variables: H = Qe (Tc -Te) + Qe Tc (lm -ln) / (1 -lm) + Qe Te (1 -Rct) where, Qe = end user consumption Tc = average cost-recovery price Te = weighted average end user tariff lm = total loss rate ln = normative loss rate Rct = collection rate See Annex 1 for a full derivation.
Note that tariffs set below cost-recovery levels as a recognized policy should be considered an explicit subsidy and therefore should be deducted from the overall calculation. In this case the correct measure of hidden costs would be as follows:
where T is the amount of capital or other transfer. No attempt has been made to estimate T in this paper and hidden costs may in some cases be overestimated.
Data Used in the Hidden Costs Calculator
Hidden costs estimates in the energy sector span 22 ECA countries. However due to decentralization of water service provision, coverage in this paper is limited to the 16 countries with available data. Data collection has focused on 2000 to 2003 using internationally known sources or existing data collection instruments where possible. Since there are no external datasets of desired financial performance (e.g., average cost-recovery price), supplemental data have been applied (from existing World Bank Group publications and reports; from World Bank Group and International Monetary Fund sector specialists). The paper presents information reported in external datasets or by utilities that have been checked for inconsistencies and outliers but no special audit has been conducted. Specific assumptions that may be used in place of sector specific data, including normative loss rates and average cost recovery prices, are presented in Annex 1. All data presented in this paper are in 2001 constant US dollars to eliminate trends or fluctuations that result from currency conversions.
Key Findings: Hidden Costs in the ECA Region are Significant
Throughout the region during this period, the power sector's share of hidden costs has been the largest. The water sector and gas sector contributions are of similar magnitude to each other but their combined impact is still less that that of the power sector. Tariffs set below the cost-recovery rates is the single most significant factor in the energy sector-power and gas while unaccounted losses are the main factor in the water sector.
Hidden costs in the power sector averaged 4.4 percent of gross domestic product (GDP) in 2003, down from double that figure in 2000. About half of this decline is due to an increase in GDP, but the remainder is attributed to improved sector performance. Since 2000, hidden costs in the gas and water sectors have changed little-2002 estimates were 1.0 percent of GDP for gas and 1.2 percent for water. Such minor movement in region-wide hidden cost estimates for the gas and water sectors makes trend analysis difficult. However, applying the model to national datasets frequently makes it possible to discern country-wide trends.
Power Sector
Throughout the region, tariffs set below cost-recovery rates accounted for 67 percent of aggregate hidden costs in 2003, followed by unaccounted losses at 22 percent, and poor collections at 11 percent. Overall, the aggregate value of total hidden costs declined by about 48 percent from a value of US$ 30.1 billion in 2000 to US$ 15.9 billion in 2003.
1 The largest declines were in Russia (70 percent, from US$ 14.2 billion in 2000 to US$ 4.2 billion in 2003) and Bosnia (62 percent, from US$ 251.5 million to US$ 96 million). Notably, two countries with high hidden costs that differ from other countries by a wide margin are Tajikistan at 16 percent of GDP and Uzbekistan at 12 percent.
• Tariffs and cost-recovery rates. In absolute terms the contribution to overall hidden costs due to tariffs set below cost recovery totaled US$10.6 billion in 2003. In relative terms, these costs have declined from 5.4 percent of GDP in 2000 to 2.6 percent GDP in 2003, despite increasing consumption across the region. Two factors contributed to this decline-GDP increased and the gap narrowed between the average cost-recovery price and the weighted average end user tariff. In Turkey tariffs exceeded cost-recovery levels in 2003, and in Moldova, 2002 , eliminating this form of hidden cost. Over the same period in Croatia cost-recovery levels and weighted-average tariffs converged significantly. In 2003 high hidden costs persisted, due to tariffs set below costrecovery levels, in Tajikistan-14 percent of GDP, and Moldova-8.0 percent.
• Unaccounted Losses. Region-wide, hidden costs due to unaccounted losses initially increased from 2.0 percent of GDP in 2000 to 2.2 percent in 2001, but then steadily declined to 1.1 percent in 2003. 2 During 2003, hidden costs due to unaccounted losses were highest in Former Soviet Union (FSU)-Low Income (LI) countries-Kyrgyz Republic (4.5 percent of GDP), Georgia (3.3 percent), Moldova (3.2 percent) and Armenia (2.2 percent). Total losses in these countries were in excess of 26 percent of domestic supply. In all other countries unaccounted losses comprised less than 2.0 percent of GDP where total losses ranged between 10 and 20 percent of domestic supply. The largest decline in unaccounted losses (as a proportion of GDP) occurred in Belarus and Bosnia-each more than 100 percent. There was a corresponding decline in total losses in Bosnia. 
Natural Gas Sector
Across the Region tariffs set below cost-recovery levels accounted for 70 percent of total hidden costs, collection failures at 29 percent, and unaccounted losses at 1.0 percent. Hidden costs for natural gas remained below 2.0 percent of GDP for all years and in all countries except Ukraine (in earlier years) and Uzbekistan, where they were between 3.0 and 6.0 percent. Overall in the Region hidden costs declined from US$ 6.6 billion in 2000 to US$ 4.7 billion in 2002. In absolute values, Ukraine had the largest decrease in the three years prior to 2002 (a drop of US$ 749 million); in relative terms Poland had the largest decline-64 percent in the same three years.
• Natural gas tariffs and cost recovery. Region-wide, in relative terms, hidden costs due to tariffs set below cost recovery declined from 0.8 percent to 0.6 percent of GDP, despite a 13 percent increase in end-user consumption for the period ending in 2002. This shows a convergence between average cost-recovery prices and weighted average end-user tariffs. In constant 2001 US$, hidden costs from tariffs set below cost-recovery levels declined 35 percent-from US$ 5.1 billion in 2000 to US$ 3.3 billion in 2002. The largest decline in hidden costs occurred in Central and Eastern European (CEE) countries. Azerbaijan, Belarus, Kyrgyz Republic, and Uzbekistan increased over this period.
• Natural gas-collection rates. During 2000-02, hidden costs due to collection failures remained largely unchanged at around 0.4 percent of GDP, roughly US$ 90 million. This is consistent with relatively small changes in collection efficiency. Other than Tajikistan, 3 ECA countries improved their collection rates very gradually, reflecting diminishing scope for potential revenue leakages due to poor revenue collection institutions. Marked differences existed in collection rates across the Region; Georgia's rate remained low at 25 percent; Croatia, Moldova, Poland, and Turkey remained between 78 and 90 percent. No country for which data were available exhibited a decline in collection rates. 
Water Sector
During 2002, hidden costs (in absolute terms) comprised-unaccounted losses, 50 percent; tariffs set below cost, 43 percent; poor collections, 7.0 percent. Hidden costs in all countries and for all years are below 2.5 percent of GDP, except Armenia and Moldova. In relative terms, hidden costs in the region overall, as a proportion of GDP, increased from 0.9 percent in 2000 to 1.2 percent in 2002. However, the aggregate value of hidden costs in this sector declined between 2000-02 by about 30 percent, from US$ 2.5 billion in 2000 to US$ 1.8 billion in 2002. The largest declines in hidden costs were for Russia and Tajikistan-a decline of around 70 percent in each country in the same period.
• Water-unaccounted losses. Former Soviet Union countries contributed most to an increasing trend of hidden costs due to unaccounted losses, which rose from an average of 0.6 percent of GDP in 2000 to 0.9 percent in 2002; from US$ 626 million to US$ 939 million. This is consistent with deteriorating integrity of supply networks evidenced by a rise in total system losses (water abstracted minus water billed) from 32 percent in 2000 to 39 percent in 2002. Losses increased the most in FSU-Low Income countries, perhaps indicating deteriorating supply networks.
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• Water-tariffs and cost recovery. Overall hidden costs due to tariffs set below cost-recovery levels decreased 31 percent from US$ 1.140 million to US$ 785 million, led by FSU-Middle Income countries (55 percent over the period). However, data for 2003, while not covering all countries, showed an overall increasing trend. As a percentage of GDP this has remained on average between 0.4-0.5 percent. 
Going Forward
This exercise demonstrated that estimating the order of magnitude of hidden costs is worth pursuing. In the energy and water sector, the intention is to continue to update this dataset as information becomes available through external sources for additional countries for 2004 and onward. Future updates will be available through the website http://ecadata-worldbank.org.
References
Albania (2003) The model to calculate "hidden costs" in the infrastructure sector is described below. While there are more detailed and complex ways in which a model could be developed to reflect a loss in specific countries and sectors, this model has been formulated specifically to provide an insight into three key components of hidden costs: poor collections, tariffs set below cost-recovery levels and losses above normative levels. The intention in developing this model was to devise a simple-to-use methodology with which to monitor trends and to benchmark across sectors and countries without the need for intensive data collection efforts.
Let H be the "hidden costs" in the (electricity, gas or water) sector, defined as:
Where, R* is the expected revenue in a system operating with tariffs that cover costs, where bills are paid and where losses are within normal levels expected for a system of that age and design.
R is the actual revenue.
If, Qs, is the volume (electricity, gas or water) supplied to the transmission network. Qe, is the end-user consumption (of electricity, gas or water) Lm, are the losses in transmission and distribution (of electricity, gas or water). Lm includes normative losses, Ln where Ln are those losses that are expected in a system of that design and age as well as losses due to system inefficiencies outside norms and theft.
Then, Qs = Qe + Lm …………………………… (2) And, R* = (Qs -Ln) Tc ……………………….. (3) Where Tc defined as the cost-recovery tariff, is the long run cost of operation and maintenance and includes a reasonable allowance for investment and normative losses. Where Te is defined as the weighted average end-user tariff, and Rct is the rate of collection of billed amounts.
Substituting for R* and R in (1), using (3) and (4) Total losses, Lm, can also be defined as lm Qs, or the rate of total losses multiplied by the volume (of electricity, gas or water) supplied to the system.
Normative losses, Ln, can in turn be defined as ln Qs, or the rate of normative losses multiplies by the volume (of electricity, gas or water) supplied to the system. Substituting for Qs in (6) using (7) gives:
Lm -Ln = (lm -ln) Qe / (1 -lm) …………………………. (7) Hidden costs defined in (5) can therefore be expressed as: H = Qe (Tc -Te) + Qe Tc (lm -ln) / (1 -lm) + Qe Te (1 -Rct) ……………………….. (8) In performing the calculation if any of the three components of hidden costs defined above has a value of less than or equal to zero, it is set to zero.
Please note that tariffs set below cost-recovery levels as a matter of policy are considered an explicit subsidy and should be deducted from the overall calculation. In this case the correct measure of hidden costs would be H = R* -R -T Where, T is the amount of capital or other transfer. No attempt has been made to estimate T in this paper and hidden costs may in some cases be overestimated.
B. Applying the Model: Key Assumptions

Adjustment of Financial Data to Constant US$ (2001)
In all cases currency tabulations for each year have been reported in constant US$ 2001.
Most original data were obtained in year-specific local currency units. They were converted to US$ using the average annual exchange rate (local currency to US$) as reported in the World Bank World Development Indicators and subsequently calibrated to constant 2001 US$ using the US$ deflator series also in the World Development Indicators.
While using country-specific purchasing power parity indices would have generated similar constant 2001 US$ currency values, this option was not chosen as data were not available for purchasing power parity for all the countries and for all the periods included in the paper.
a) Water Sector Specific Assumptions Made in Manipulating Data in the Water Sector
In the water sector five specific assumptions have been made:
The calculation of overall hidden costs is based on municipalities and urban settlements with centralized water services where the population is above 5,000. Rural settlements have been excluded from the calculation of subsidies as there is no systematic data collection and information gathering.
(ii) The normative level of water losses has been assumed to be 20 percent of produced water. This level is representative of developed water systems in England and Wales.
(iii)
To enable cross-country comparisons, indicators used in the calculation of overall hidden costs have been extrapolated from per capita average values that have been available for a representative sample of utilities. In extrapolating to a national average, per capita values have been multiplied by the urban population in the country. The result is considered to be representative for the following reasons: (a) for Russia, the data set covers more than 90 municipal water and sewerage utilities in four regions of the country 6 serving over 7.6 million residents or 5.2 percent of total population; (b) in Ukraine the data set covers more than 60 municipal water and sewerage utilities in four oblasts 7 serving over 5.8 million residents or 10 percent of total population; and (c) for smaller countries the data set covers between 20 percent (for Kazakhstan) and 100 percent of the total urban population (Moldova and Armenia).
(iv)
Average water tariffs have been calculated as the cost per cubic meter actually billed to a consumer (vs. declared tariffs) using data reported by the utilities to calculate the average tariff for an entire year. This approach avoids inconsistencies due to privileges for different consumer groups in different countries and cities.
(v) It is assumed that all assets have a life span of 25 years to ensure service standards are maintained. While this period is short it reflects the Soviet standard that is practiced in all countries of the paper.
Calculation of Average Cost Recovery Price in the Water Sector
Cost-recovery tariffs are defined as the cost of supplying water 24 hours a day, including the cost of operation, maintenance and necessary investments. Where an average cost-recovery price has not been available the following assumptions have been made in its calculation:
ACRP = [Current cost of operation] + [24 hours-a-day supply factor] + [Investment component]
Where:
Current cost of operation, C -The actual reported operation and maintenance cost collected from the OECD data set 8 or by using the IB-NET 9 toolkit.
24 hours-a-day supply factor, T -To reduce short-term costs, especially electricity costs, water utilities initiate intermittent water supply. Reducing operational hours results in some savings that reduce costs in the short run, but long-run costs increase dramatically due to hydraulic shocks that destroy the water infrastructure and other effects that reduce water quality. It has been assumed that savings incurred through interrupted water supplies are equal to one-quarter of the cost of maintaining supplies round the clock due to energy savings and reduced short-term maintenance. As a rule, intermittent water supply does reduce consumption. 
For example:
The water system of the country N provides water services 12 hours a day supplying 100,000 cubic meters of water a day to its consumers. The fixed asset value is $100 million (approximately $100 per capita). The reported cost of water services is $0.10 per cubic meter.
ACRP is calculated as follows: 
Normative Loss Rates
In the event that country specific data are unavailable for the normative loss rate "ln", we would suggest the use of 0.2 in the water sector.
b) Energy Sector
Thresholds used for the average cost-recovery price in the power sector
Where data are not readily available on the Average Cost Recovery Price in the power sector the following thresholds could be applied. Thresholds for the Average Cost Recovery Price in the gas sector have not been provided due to the wide variation in this parameter across countries in ECA.
Residential customers Industrial customers
<US$0.04/kWh Tariff insufficient to cover basic operating and maintenance costs
Tariff insufficient to cover basic operating and maintenance costs.
>US$0.05/kWh Tariffs likely to be making a significant contribution towards capital costs, in most types of systems. >US$0.08/kWh Tariffs likely to be making a significant contribution towards capital costs, in most types of systems. Source: Foster and Yepes, 2005
Normative Loss Rates
In the event that country specific data are unavailable for the normative loss rate "ln", we would suggest the use of 0.1 (electricity) and 0.02 (gas).
Annex 2. Data Sources, Availability, and Definitions
The following sections outline data availability, sources, and definitions of variable by sector. The full data set supporting this paper can be accessed at http://ecadata-worldbank.org.
The Energy Sector
In the energy (power and natural gas) sector data have proved to be generally available for twenty-two countries in the ECA Region through external data sets particularly where these data relate to energy production, consumption, import, export, and loss statistics and to a slightly lesser degree tariffs. Loss statistics have been generally available in the power sector but have been patchy at best for the natural gas sector.
Key data sets accessed include ENERDATA and ERRANET; however there have been no externally available data sets for cross-country data on normative losses, collection rates, and cost-recovery prices. For the purpose of this exercise these data have been sourced through World Bank Group sector specialists that are working in these countries. While efforts have been made to verify and assure the quality of data provided and to check for consistency and outliers in data sets, there has been no fieldbased data collection effort or audit in the Region.
A summary of data sources follows:
• Values for domestic energy production, imports, exports, and change in stocks-which together account for the total domestic supply-have been obtained from ENERDATA (http://www.enerdata.fr/) through subscription.
• Energy tariff rates have been obtained from ERRANET through subscription.
(http://www.erranet.org/Products/TariffDatabase/TariffIndex)
• The Bank's World Development Indicators Database (2004) is the source for GDP, Exchange Rate, and Price Deflators.
• Sector specialists-based at the World Bank office in Washington, DC, or in World Bank country offices, have provided supplementary data on the energy sector, or have suggested corrections in the values reported in ENERDATA or ERRANET. Such expert data, where available, have been used to substitute primary data.
Data Availability
For the analysis, countries included in the data set have been classified into groups based on a combination of geographic and economic criteria. The data set covers the four-year period 2000-03. This is the proportion of the billed charges to consumers of the respective energy that is actually collected in some form by the utility/service provider. End-User Consumption kWh metered or otherwise observed (power) thousand m3 (mcm) metered or otherwise observed (gas) End-user consumption measures the needs of the final consumers of the country. They are broken down into several categories: industry, transport, residential, tertiary, agriculture and nonenergetic uses. This measure is the actual final consumption that is marketed by the utilities, which is the difference between domestic consumption and the consumption that results from the transformation process, and the losses involved, for each country. In ENERDATA tables, the values correspond to Total Final Consumption. Normative Loss Rate, as a proportion of power injected into transmission Rate, as a proportion of gas produced for transport
Normative losses are that component of total losses that accrue due to system design and technology constraints; they are inevitable and predictable.
Total Loss Rate, as a proportion of power injected into transmission Rate, as a proportion of gas produced for transport Rate of actual losses in transmission and distribution due to technical issues and due to theft. ENERDATA is the primary source for transmission and distribution losses, supplemented with data from sector specialists where available.
WAET USc/ kWh (power) US$/ 1000 m3 or U$ per mcm (gas)
Weighted average end-user tariff.
The Water Sector
The water sector review draws primarily upon data from utility surveys carried out by the Organization for Economic Cooperation and Development (OECD) and East Asia Pacific Region (EAP) Task Force in 2001-03 and now available through IB-NET. The original OECD country data sets are based on samples from utilities across the country, and the approach that has been taken by the OECD has been to multiply per capita averages for the sample by the urban population to arrive at a national average.
IB-NET otherwise known as the International Benchmarking Network for Water and Sanitation Utilities collects standard utilities performance indicators. The objective of IB-NET is to support access to comparative information that will help promote best practice among water supply and sanitation providers worldwide and eventually will provide consumers with access to high quality, and affordable water supply and sanitation services.
IB-NET sets forth a common set of data definitions and a minimum set of core indicators which, with some modifications and supplements from data sources from secondary sources, have been used for estimating hidden costs and presenting a picture of technical and financial performance of the water sector. The IBNET website is http://www.ib-net.org/.
• Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyz Republic, Moldova, Russian Federation, Tajikistan (all 2001 -2003 and Ukraine (2000 Ukraine ( -2001 use data collected by the OECD EAP Task Force (now available through: www.ib-net.org).
• Albanian data have been sourced from the National Water Association report, 2003.
• Data for Danube basin countries (Czech Republic, Hungary, Serbia and Montenegro, Romania, Slovak Republic, Croatia, Bulgaria, and Bosnia Herzegovina) have been sourced from UNDP/GEF (2004).
• Data for European Union accession countries have been sourced though ISPA reports (2000) (2001) (2002) (2003) (2004) .
• Data for Belarus have been sourced through the State of Environment report, Ministry of Environment, 2003.
• Data for Poland and Ukraine (2002-03) have been sourced through national experts on the basis of reports from national municipal water authorities.
• Data from various environmental and water sector reports have been used to supplement primary data.
Data Availability
Data have been collated for sixteen countries 11 that have been classified into groups based on a combination of geographic and economic criteria. The data set covers the four-year period 2000-03, but in some cases the analysis is presented for the year 2002 because data are available for most countries and because there have not been significant changes in the trend across this four-year period. This is the proportion of the billed charges to consumers of the respective energy that is actually collected in some form by the utility/service provider. 
Continuity of Service
